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PREFACE 



The CONTROL DATA® 6638-A Disk File System consists of one 6639 Disk File Controller, 
one disk file, and one hydraulic cabinet assembly. An expanded system consists of two 
6639 Disk File Controllers, one disk file, and one hydraulic cabinet assembly. An ex- 
panded system incorporates CONTROL DATA® Standard Option 10037-A which provides 
an additional controller to increase system capability. A basic system maintains opera- 
tions with up to two 6000 series data channels, one at a time. An expanded system 
maintains operations with up to four 6000 series data channels, two at a time. 
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FUNCTIONAL DESCRIPTION 



SYSTEM RELATIONSHIP 

The basic system shown in Figure L-1 consists of one controller, physically attached 
between the two data channels and one disk file. This allows the ten peripheral pro- 
cessors in one or more 6000 series computers to access the two data channels and the 
one disk file. The data channels may simultaneously sample the conditions in the disk 
file through the controller, but they can operate the controller and disk file on a time- 
shared basis only. The disk file is divided into two sections (unit and unit 1) which 
are mechanically and electrically independent of each other. A data channel can com- 
municate with either unit or unit 1, but both data channels cannot communicate simul- 
taneously with their selected disk file units. For example, if data channel A is opera- 
ting with unit 0, data channel B must wait until data channel A relinquishes operations 
with unit before it can resume operations with unit or 1. 

The expanded system (Figure 1-1) consists of two controllers* physically attached be- 
tween four data channels and one disk file. Since a disk file contains two units, each 
connected to a controller and each capable of independent operation, it allows one or 
more 6000 series computers, each controlling up to ten peripheral processors, to per- 
form simultaneous operations on both disk file units. 



*The second controller is a standard option. Each of the controllers is slightly modified 
to permit the expanded mode of operation. 
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Figure 1-1. Typical System Configuration 

CONTROLLER CHARACTERISTICS 

The controller operates as an interface between the computer and the disk file. It 
btiffers data in a 12-bit, parallel format between the computer and disk file via the data 
channel. The controller translates fimction codes sent by the computer program to 
control operations in the disk file. These codes condition the controller to connect be- 
tween the proper data channel and disk file and to check the status of conditions within 
the disk file. The function codes determine from which area in the selected disk file 
Tinit the data is to be transferred. Finally, they select the operations that control the 
transfer of data. The controller provides timing and comparison circuits, registers, 
and the necessary logic to control and sequence the data handling operations. 
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The data channel issues a function signal and output word to the controller. The func- 
tion signal causes the controller to Scimple the word and to define it as a function code. 
Wien the controller accepts a function word, it returns an inactive signal to the data 
channel. Normally, functions are issued in the following sequence. 

1. Connect and Status 

2. Position Select 

3. Head Group Select 

4. Read 

5. Write 

If the function code is a read, the active signal (sent after the read was replied to) 
signals the controller to start sending data. The controller then sends a data word to- 
gether with a full signal. When the data channel accepts the word, it sends an empty- 
signal, causing the controller to send the next word. The operations continue in this 
manner untU the end of the read buffer. If the function code is a write, the active 
signal (sent after the write) notifies the controller that the data channel is ready to 
start sending data. The data channel sends a data word together with a full signal. 
The controller accepts the word and returns an empty signal, causing the data channel 
to send the next data word. The operation continues in this manner until the end of the 
write buffer. 

The data channels connect to the controller on a first-come, first-served basis. The 
controller contains two interfaces (A and B) to accommodate the two data channels. If 
one data channel is connected, the other data channel cannot complete a connect. If 
both data channels attempt to connect to the controller at the same time, the channel 
wired to interface A is allowed to connect. To disconnect a connected controller, the 
disconnect code (1740 or 1540) should be issued. The disconnect takes effect approxi- 
mately 25 microseconds after the code is issued. 

When the controller receives a position select function, it causes the disk file positioner 
to seek a new position. \Mien the positioner reaches a null, the disk file sends an on- 
point signal to the controller and the controller becomes ready. A ready condition must 
be present before a read or write operation can take place. If a not ready comes up 
during a read or write operation, the controller returns an inactive signal to the data 
channel. A status or head group select function can be performed when the controller 
is not ready. A position select function is not accepted until an on-point signal is re- 
ceived. 
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DISK FILE CHARACTERISTICS 

The disk file provides recording surfaces for mass data storage. Each disk file con- 
tains 72 disks divided into two iinits (designated unit and unit 1) containing 36 disks 
each. Eacn 36-disk unit is divided into two 18-disk groups. The four 18-disk groups 
are mounted on two shafts so that an 18-disk group from each unit is moimted on the 
same shaft. Two 18-disk groups moxinted on one shaft are a "stack". The disk file 
consists of stacks and 1 (Figure 1-2). Each shaft turns independently so that separate 
reference and timing signals are provided for each half (stack) of a disk file 'onit. The 
disks, the hydraulic positioner assemblies, the disk file logic, and the power supplies 
are contained in the disk file. The hydraulic cabinet assembly contains the hydraulic 
system, the air compressor, and the associated hardware. 
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Figure 1-2. Disk File Disk Groupings 



SURFACES 



Each of the two 18-disk groups within a disk file unit is divided into two 9-disk groups. 
Each disk file unit, therefore, contains four 9-disk groups. Each 9-disk group contains 
18 disk surfaces of which 16 are used for data storage. The remaining twto surfaces 
in each group are either used for data synchronization or are not used. An entire 
disk file contains 144 disk surfaces (eight 9-disk groups times 18 disk surfaces) con- 
sisting of 128 data storage surfaces (eight 9-disk groups times 16 data storage surfaces). 
The remaining 16 surfaces (eight 9-disk groups times two non-data surfaces) consist of 
ten surfaces that are not used and six surfaces that are used to time data transfer 
operations. Four of the six surfaces are used for position verification. The remaining 
two surfaces contain write clock and sector marks for the two stacks. 
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ACCESSING 



Each data storage surface is accessed by six read/write heads, three of which are 
selected at any one time. Since one head group contains 12 read/write heads, it ac- 
cesses a total of 12 tracks on four disk surfaces at any one time. The two head arm 
assemblies, thus provide the capability of transferring 12 bits (1 byte) simultaneously 
to and from the disk file. Thirty-two head groups are used to access one disk file 
unit. These 32 head groups are mounted on a movable assembly (positioner). For the 
entire disk file, two positioners are used containing a total of 64 head groups. There 
are 768 read/write heads (12 read/write heads times 64 head groups) in the entire disk 
file. In addition, there are two fixed heads accessing the two disk surfaces which con- 
tain write clock and sector marks as shown in Figure 1-3. 
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Figure 1-3. Disk File Disks and Positioners 
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CLOCK TRACK 

Each data storage surface contains 192 tracks in which data can be recorded. The 
placement of data on each track is synchronized with pulses that have been permanently- 
recorded on one track (clock track) of a non-data surface. The clock track contains 
43,000 write clock pulses and 100 evenly spaced sector mark pulses. Each sector thus 
contains 430 clock pulses (Figure 1-4). In addition, there are 24 extra pulses which 
provide for closure and index mark jitter. Separate clock tracks are provided for 
each of two stacks. Each clock track is accessed by a fixed head. Since the per- 
manently recorded pulses on the clock track determine data placement, each track on 
a data surface is divided into 100 sectors and holds a maximum of 43,000 bits minus 
preamble and postamble bits. 

RECORDS 

A record refers to a quantity of data which is written continuously over one or more 
sectors. Writing starts at a selected sector mark and stops at the end of the buffer. 
Since the capacity of each peripheral processor memory is approximately 4000 words 
(4096 words minus the computer program), the practical record size is restricted to a 
maximum of ten sectors. Each record written on a track contains a preamble of 80 
bits and a postamble of at least 28 bits. Preamble and postamble bits are provided as 
gaps between records (Figure 1-4), A record always begins with a selected sector 
mark as a reference point. The preamble contains alternating and 1 bits. Two 1 
bits in succession signify the beginning of data. Since each record requires at least 
108 preamble and postamble bits, the transfer of larger records allows the utilization 
of more track surface for the recording of data (greater track efficiency). Refer to 
Table 1-1 for information on record sizes and their relationship to track and sector 
efficiency. 

DATA CAPACITY 

Each track has a maximum practical capacity of 42, 892 data bits (one record or 43, 000 
bits minus the 108-bit preamble and postamble). One disk surface, therefore, can 
contain a maximum of 8235,264 data bits (192 tracks times 42, 892 data bits). An 
entire disk file can contain 1054,113,792 data bits (128 data storage surfaces times 
8235,264 data bits) or 175,685,632 6-bit characters. 
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TABLE 1-1. TRACK AND SECTOR EFFICIENCY INFORMATION 



Number of 
Records 


Number of 
Sectors In 
Each Record 


Size of Each 

Record (Bits 

of Data) 


Track 
Efficiency* 


Sector 
Efficiency** 


100 


1 


1 to 322 


to 75 


100 


50 


2 


323 to 752 


38 to 87 


100 


33 


3 


753 to 1182 


58 to 91 


99 


25 


4 


1183 to 1612 


69 to 94 


100 


20 


5 


1613 to 2042 


75 to 95 


100 


16 


6 


2043 to 2472 


76 to 92 


96 


14 


7 


2473 to 2902 


81 to 95 


98 


12 


8 


2903 to 3332 


81 to 93 


96 


11 


9 


3333 to 3762 


85 to 96 


99 


10 


10 


3763 to 4192 


87 to 97 


100 


*Percentage of track used for recording data. 






**Percentage of a 


vailable sectors ij 


n a track being utilized. 





HEAD GROUPS 

Each disk file unit contains 32 head groups selectable by function. Each head group 
contains 12 read/write heads. Since the 32 head groups are mounted on one positioner, 
internal electronic switching is provided to allow 384 tracks to be accessed at one 
position (32 head groups times 12 read/write heads). Each stack in the disk file con- 
tains 16 head groups. The head groups in stack are designated through 15^^. and 
the head groups in stack 1 are designated 16 ,„ through 31 j-.. The head groups are 
designated identically in both disk file units. 

POSITIONS 

The positioner in each disk file unit can move to 32 positions which are selectable by 
function. The positioner in each disk file unit is capable of accessing 12.288 data 
tracks (32 positions times 384 data tracks). Also, each positioner can move to a non- 
data or retract position, by manual control (or in case of power shutdown). 
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PROGRAMMING 



CODES 



TABLE 2-1. 6639 DISK CODES 



Function Codes 


Connect and Status 


15XX or 


17XX 


Position Select 


14XX 




Head Group Select 


16XX 




Write 


12XX or 


13XX 


Read 


lOXX or 


UXX 


Disconnect 


154X or 


174X 


Status Words 


First Status Word 


XXXX 




Second Status Wsrd 


XXXX 





FUNCTION CODES 



CONNECT AND STATUS (15XX OR 17XX) 



This code interconnects the data channel, controller, and disk file. It also causes the 
controller to return one of two status words to the data channel. The code bit assign- 
ment is shown in Figure 2-1. 
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Figure 2-1. Connect and Status Function Code 



60334100 E 



2-1 



BITS 9 THROUGH 11 

These bits designate the equipment code number (controller) to which two data channels 
are wired. If desired, the equipment code number can be altered by a small wiring 
change. 

BITS 6 THROUGH 8 

This bit combination attempts to connect the controller to the data channel and it desig- 
nates one of two formats of a status word to be returned by the controller. If bit 7 
(17XX) is a 1, the controller responds with the first status word. If bit 7 (15XX) is a 
0, the controller responds with the second status word. Either bit combination attempts 
to connect the controller to the data channel. Whether or not a connect is made, the 
controller responds with the status word designated by bit 7. If a connect is not made, 
any fimctlons other than status hang up the channel. 

BITS 1 THROUGH 5 



These bits are not used. 



BIT 0* 

This bit designates one of two disk file units to be selected. All further operations are 
performed on the selected unit. 

POSITION SELECT (14XX) 

This code causes tiie access mechanism to seek one of 32 positions in the disk file 
(Figure 2-2). 
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Figure 2-2. Position Select Function Code 



*Not applicable if Standard Option 10037 is used. 
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BITS 9 THROUGH 11 



These bits designate the controller to which the data channels are wired. 



BITS 6 THROUGH 8 



These bits designate the position select fiviction. 



BIT 5 



This bit is left clear and not used. 



BITS THROUGH 4 



These bits designate one of 32 positions in the disk file which are available to the 
access mechanism. 

HEAD GROUP SELECT (16XX) 

This code causes the selection of one of 32 head groups in the disk file (Figure 2-3). 
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Figure 2-3. Head Group Select Function Code 



BITS 9 THROUGH 11 



These bits designate the controller to which the data channel is wired. 
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BITS 6 THROUGH 8 



These bits designate the head group select function. 



BIT 5 



This bit is not used. 

BITS THROUGH 4 

These bits select one of 32 head groups in the disk file. When bit 4 is a 0, a head 
group in stack (head groups through 15) is being selected. When bit 4 is a 1, 
a head group in stack 1 (head groups 16 through 31) is being selected. 

WRITE (12XX OR 13XX) 

This code initiates a variable-length write operation in the disk file (Figure 2-4). The 
controller automatically generates and writes a check byte at the end of the write 
buffer. This byte is checked at the end of each read operation to verify the accuracy 
of data transmission. Writing is end- around within a head group. 
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Figure 2-4. Write Function Code 



These bits designate the controller to which the data channel is wired. 



BITS 7 AND 8 



These bits designate the write function. 
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BITS THROUGH 6 

These bits designate the address of the sector mark at which the write operation is to 
begin. 

READ (lOXX OR 11XX) 

This code initiates a variable-length read operation in the disk file (Figure 2-5). At 
the end of the input bviffer, the controller checks the next byte read from the disk file 
to verify the accuracy of data transmission. This byte was generated and written by 
the controller during the write operation. Reading is end- around within a head group. 
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Figure 2-5. Read Function Code 



BITS 9 THROUGH 11 



These bits designate the controller to which the data channel is wired. 



BITS 7 AND 8 



These bits designate the read function. 



BITS THROUGH 6 



These bits designate the address of the sector mark at which the read operation is to 
begin. 
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DISCONNECT (154X OR 174X) 

This code disconnects the data channel from the controller approximately 25 micro- 
seconds after the instruction is executed. The controller will not respond with a 
status word after the disconnect function (Figure 2-6). 
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Figure 2-6. Disconnect Code 



These bits designate the controller to which the data channel is wired. 



BITS 5 THROUGH 8 



These bits designate the disconnect function. 



BITS THROUGH 4 



These bits are not used. 
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STATUS WORDS 

FIRST STATUS WORD (XXXX) 

"When bit 7 of the connect and status function code is a 1, the controller returns the 
status word shown in Figure 2-8. 
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Figure 2-8. First Status Word 



BIT 11 



This bit is a 1 if a lost data condition occurs during a read or write operation. For 
example, the input or output biiffer must follow a read or write function, respectively, 
within 90 microseconds or data is lost. The lost data bit remains present until a new 
read or write function is issued. If a lost data error occurs, the controller returns 
an inactive signal to the data channel. 



BIT 10 



This bit is a 1 if the data channel has failed to connect to the controller because the 
controller has already been connected by the other data channel. No function other than 
status can be performed untU a connect has been made. 

BIT 9 

This bit is a 1 when a disk file fault condition exists or when the disk file accessing 
mechanism is not yet verified as being on track. No functions other than status can be 
performed when a disk file fault condition exists. All functions except a read, write 
or position select can be performed when not on track. Any read or write function that 
is attempted when the disk file accessing mechanism is not on track is held up until on 
track is verified. A position select ftmction is issued to the disk file only when an on- 
point signal is present. 



BIT 8 



This bit is a 1 if a parity error was detected at the end of a read operation and it re- 
mains present until a new read or write fimction is issued by program control. 
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BIT 7 

This bit indicates to which stack the sector address (bits through 6) refers. When 
this bit is a 0, stack was the last stack used. "V^ien the bit is a 1, stack 1 was last 
used. This bit is always equal to bit 4 of the last head group select function code. 

BITS THROUGH 6 



These bits indicate the sector count plus one of the sector currently under the read/ 
write heads. These bits are derived from the sector mark counters, and they reflect 
the sector address from the stack designated by bit 7. 

SECOND STATUS WORD (XXXX) 

■When bit 7 (17XX) of the connect and status function code is a 0, the controller returns 
the status word shown in Figure 2-9. This word indicates the last position addresses 
issued from the controller to each of the disk file units. 
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Figure 2-9. Second Status Word 

PROGRAMMING CONSIDERATIONS 

SEQUENCING OPERATIONS 

After a connect has been made, fvmctions can be issued in any order. Normally, func- 
tions are issued in the following sequences: connect and status, position select, head 
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